Severe energy deprivation of human hibernating myocardium as possible common pathomechanism of contractile dysfunction, structural degeneration and cell death.
We tested the hypothesis that severe alterations in myocardial energy metabolism play an important role in the pathophysiology of human hibernating myocardium (HHM). It is well established that a disturbed myocardial energy metabolism results in impairments of contractile performance, structure and viability. All of these are important characteristics of HHM. In 16 patients with documented coronary artery disease and impaired left ventricular function, HHM was preoperatively detected by thallium-201 scintigraphy, radionuclide ventriculography and low-dose dobutamine echocardiography. These regions were validated as HHM by their recovery of contractile function three months following revascularization. During open-heart surgery, transmural biopsies were removed from the hibernating areas and analyzed both biochemically and morphologically. These findings were compared to normal human myocardium. All metabolite contents given were normalized for the degree of fibrosis (control: 9.8 +/- 0.5%; HHM: 28.1 +/- 3.0%; p < 0.05), providing myocellular contents. In HHM, decreased contents (micromol/g wet weight) in adenosine triphosphate (ATP) (control: 4.17 +/- 0.26; HHM: 1.72 +/- 0.25; p < 0.001), creatine phosphate (5.67 +/- 0.70 vs. 0.84 +/- 0.13; p < 0.001) and creatine (27.6 +/- 3.19 vs. 11.2 +/- 1.56; p < 0.0001) were found, but contents in lactate (2.22 +/- 0.26 vs. 25.38 +/- 3.53; p < 0.001), purine bases (0.58 +/- 0.09 vs. 1.26 +/- 0.13; p < 0.001) and protons (pH units: 7.199 +/- 0.01 vs. 6.59 +/- 0.07; p < 0.001) were increased. Levels in adenosine diphosphate, adenosine monophosphate and inorganic phosphate remained unchanged. Energy depletion in HHM was reflected by decreases in the free energy of ATP hydrolysis and in energy charge. These data confirm our hypothesis that HHM is energy-depleted myocardium, exhibiting signs of chronic reduction in resting blood flow and a downregulation of energy turnover. The alterations in energy metabolism observed may become operative in triggering and maintaining contractile dysfunction, continuous tissue degeneration and cardiomyocyte loss.